Stress hyperglycemia is commonly identified in children with severe illness and previously normal glucose homeostasis. In the pediatric population febrile seizures are reported among stressrelated conditions associated with stress hyperglycemia. The objective of this prospective study was to evaluate the possible association between blood glucose level and febrile seizure severity defined by fever degree, seizure type, seizure duration and hospitalization length. Among 167 febrile seizures the prevalence of stress hyperglycemia (blood glucose concentration over 150mg/dl) was 13.22%. There was a highly significant statistical association between seizure duration (exceeding 15 minutes) and increased blood glucose concentration (p= 0.001). Prolonged febrile seizures combined with high fever were significant risk factors for stress hyperglycemia. Further analysis on acute fluctuation of glycemia, persistence of hyperglycemia should be taken in consideration as possible predictive factor for stress hyperglycemia, by comparison to the peak blood glucose concentration .
INTRODUCTION
The stress hyperglycemia is defined as transient high blood glucose level, with spontaneous resolution after the acute illness regresses. (1) The historical protective role of stress hyperglycemia as an adaptative survival mechanism is disputed. (2, 3) Latest studies associate stress hyperglycemia with poor clinical outcome: higher morbidity, complication rate and mortality, supporting the value of stress hyperglycemia as prognosis factor. (4) (5) (6) (7) (8) (9) (10) A complex interplay between hormones and cytokines promoting gluconeogenesis, glycogenolysis and insulin resistance are implicated in the development of stress hyperglycemia. (1) (2) (3) (11) (12) (13) (14) (15) (16) Stress hyperglycemia is commonly identified in children with severe illness and previously normal glucose homeostasis. In the pediatric population febrile seizures are reported among stress-related conditions associated with stress hyperglycemia. The clinical risk factors for hyperglycemia in children with febrile seizures are still under debate. (17) (18) (19) (20) (21) (22) AIM The present article explores the correlation and impact of febrile seizure upon blood glucose level as part of a more complex study regarding the acute metabolic state of children with febrile seizures.(23)
Driven by other studies' results which correlate the severity of the hyperglycemia and stress response with the intensity of the stress factor, we evaluate the possible association between blood glucose level and febrile seizure severity defined by fever degree, seizure type, seizure duration and hospitalization length.
MATERIALS AND METHODS
This prospective study included, over a 30-month period, 3 months to 5 years old children, who addressed the emergency department of the Pediatric Clinical Hospital for febrile seizures. For children with recurrent febrile seizures, each seizure was treated as a distinct event. Patients with a preexisting history of diabetes were excluded.
Patient data were categorized as variables associated with the seizure, general characteristics and variables associated with the acute illness.
The fever degree at seizure onset was noted, together with seizure duration, seizure type (simple or complex febrile seizure) and seizure aspect (generalised or focal, with tonic, motor or hypotonic/hypomotor behaviour). Seizure duration was integrated in: under 1 minute, 1-15 minutes and over 15 minutes categories.
Time interval needed until fever remission (at hospital admittance, 2-24 hours, 24-72 hours and later then 72 hours) and hospitalisation period were used as parameters for evaluating illness severity.
Blood samples were taken upon arrival before emergency therapeutic approach implying corticosteroids and intravenous fluid infusion. Data analysis was performed regarding glycemic status and the above mentioned parameters. Glycemic blood level was analysed as absolute value or as three reference categories: normoglycemia (70 -105 mg/dl), mild and moderate hyperglycemia (106 -149 mg/dl) and severe hyperglycemia (over 150 mg/dl). All patients with higher than 150 mg/dl blood glucose levels fit in the definition of stress hyperglycemia, with return to normoglycemia within 24 hours. Influence of Acetaminophen, preceding the seizure by 6 hours, on blood glucose level was assessed by comparison to children with febrile seizures in the absence of Acetaminophen intake.
The association between qualitative variables was analysed by Chi-Square test. Pearson and Spearman correlation coefficients were used to analyse the correlation between quantitative variables. Student T-Test was used for comparison of mean glucose concentration between different groups. (24, 25) Classification and Regression Trees (CART) decision tree algorithm was used to explore the interrelationship between blood glucose level and different variables which describe febrile seizure severity. (26, 27) A P-value smaller than 0.05 was considered statistically significant.
RESULTS

Study Group Characteristics and the Prevalence of Stress Hyperglycemia
Data analysis was made upon 167 reported febrile seizures, 71,9% of analysed events were inaugural seizures. The common febrile seizure characteristics were: generalised seizure (93%), with mean seizure temperature of M=39.14 (SD=0.78) and overall simple febrile seizure diagnose (71%). Prolonged seizures (over 15 minutes) were rare (7.3%), as are short events (under 1 minute: 10.3%). Tonic or motor febrile seizures were reported in 76.2%, and hypotonic/hypomotor in 23.8%.
Most patients (82.5%) were discharged within 6 days interval of admittance and only 4% had a-10 day or longer stay.
There were 22 febrile seizures with stress hyperglycemia, a prevalence of 13.2%. 28.1% febrile seizures fit in the normoglycemia interval (70-105 mg/dl), with the majority of events (98 events, 58.7%), being linked to mild/moderate increase (105-149 mg/dl); 46.7% of patients have received Acetaminophen 6 hours or less preceding the febrile seizure as part of managing the disease. Similar blood glucose levels (p=0.965) were identified in the Acetaminophen intake group (M=125.17, SD=25.86) by comparison with group not benefiting from Acetaminophen therapy (M=124.93, SD=43.73).
In 49.7% of patients fever remission took place within the first 24 hours, by comparison to 15% of patients with febrile seizure with persistent fever after 72 hours.
Clinical correlations to blood glucose level and risk factor analysis for stress hyperglycemia
Febrile seizures with short seizure duration (under 1 minute) were associated with mild (47%) or slightly/moderately (47%) raised glycemia. In case of patients with a seizure duration of 1 to 15 minutes, 60% of cases were with low/moderate blood glucose. Prolonged febrile seizures (exceeding 15 minutes, overlapping the duration inclusion criteria in complex febrile seizures) had high statistically significant increased blood glucose in the range of stress hyperglycemia (50%) or mild/moderate increased (42%) (p = 0.001).
Considering febrile seizure type, among the patients with simple febrile seizures, a minority of cases presented with stress hyperglycemia (9.2%), whereas among complex febrile seizures the association was slightly higher (over 20% patients with stress hyperglycemia) (p = 0.065).
Regarding the febrile seizure aspect, there was no association between glycemic status and tonic/motor versus hypotonic/hipomotor seizures, regardless of the focal or generalized onset. For both types, approximately 10% of cases were associated with stress hyperglycemia, respectively approximately 60% of cases were with mild/moderate blood glucose (p = 0.810) There was no association between blood glucose levels and the febrile seizure rank (p = 0.531). In both first time and later recurrent seizures, approximately 60% of cases had mild/moderate increase in blood sugar. In the case of recurrent episodes, the number of cases with stress hyperglycemia (17%) was slightly higher than in the first onset seizure (12%). Neither mean blood glucose values were significantly different (p = 0.392) between the first febrile seizure (M = 123.25, SD = 38.51) and recurrent ones (M = 128.63, SD = 30.36).
Hyperglycemia, in the proximate low range of stress hyperglycemia, is statistically significant higher in children with prolonged febrile seizure (over 15 minutes) combined with high fever (39 degrees and higher).
Febrile seizures lasting under 15 minutes are associated with a mean glycemia of 122.22 (SD=34.95). Prolonged seizure (over 15 minutes) and higher than 39 degrees fever are having a mean blood glucose level of 176.60 (SD=39.56), by comparison to 145.14 (SD=33.14) mean value for under 39 degrees fever.
Figure no. 1. Interrelationship between stress hyperglycemia with prolonged seizure activity and high degree of fever DISCUSSIONS
Stress hyperglycemia is noted in 13.3% febrile seizures, with similar prevalence to the Valerio et al study (12.9%) . (17) In our study, hyperglycemia is significantly higher in children with prolonged febrile seizure (over 15 minutes). Prolonged febrile seizures combined with high fever (39 degrees and higher) are significant risk factors for stress hyperglycemia. Febrile seizure lasting under 15 minutes are associated with a mild increase of glycemia, mean glycemia of 122.22 (SD=34.95).
According to our study, prolonged seizure activity seems to be correlated with significant increase in blood glucose levels. Prolonged seizures (over 15 minutes) and high fever are correlated with a mean blood glucose level of 176.60 (SD=39.56), by comparison to 145.14 (SD=33.14) mean value for lower than 39 degrees fever. Actually, it seems that the synergic, overlapping effect of these two clinical factors (prolonged seizure activity and high fever) is a significant risk factor for stress hyperglycemia by promoting stress, inflammatory-immune, endocrine and metabolic disturbances.
The results are similar to those of previous studies by Lee at al, Chou et al, who reported that hyperglycemia might be associated with longer seizure duration. (18, 20) It is uncertain whether seizure duration plays a larger role in the development of stress hyperglycemia in children with febrile seizure then the fever context as individual parameter. Other studies report that stress hyperglycemia has a higher prevalence in febrile seizures by comparison with seizures without fever or fever episode without seizure. (17) Although the mechanism of febrile seizure is still unknown, a key role might be played by the proinflammatory status and counter regulating hormones activity, a possible overlap with the immune system activity described in stress hyperglycemia. (1) (2) (3) (28) (29) (30) In stress hyperglycemia neuroendocrine mechanisms defined by activation of the hypothalamic-pituitary-adrenal axis and of the sympathetic autonomic nervous system with counter-regulatory hormones release (growth hormone, catecholamines, cortisol) are undergoing an complex feedback interaction with the immune system (proinflammatory cytokines).
They lead to excessive gluconeogenesis, insulin resistance and finally to stress hyperglycemia. (1) (2) (3) (11) (12) (13) (14) (15) (16) Latest studies corroborate stress hyperglycemia with a higher morbidity and complication rate.(4-10) Although we anticipated higher blood glucose levels in children with prolonged hospitalisation and persistent fever, as marker of persistent stress factor and illness severity we could not establish a specific correlation.
More specific and reliable biological markers of illness severity should be taken in consideration (hematological parameters, metabolic status-pH, lactate, disease etiology).
Other authors report persistent hyperglycemia and high glycemia variability with poor outcome. Analysis of further parameters beside peak or average blood glucose levels: timing to normoglycemia and blood glucose level variability, will complete the glycemia status approach.(2,3,31)
CONCLUSIONS
The neuroendocrine system, through the hypothalamic-pituitary-adrenal axis and sympathetic autonomic nervous system released conter regulatory hormones, acts synergically with the proinflammatory cytokines in inducing stress hyperglycemia in febrile seizures.
The prevalence of stress hyperglycemia is relatively high in children with febrile seizures.
Febrile seizures exceeding 15 minutes had high statistically significant increased blood glucose (50%) in the range of stress hyperglycemia or mild/moderate increased.
Prolonged febrile seizures combined with high fever are significant risk factors for stress hyperglycemia.
In febrile seizures, acute fluctuation of glycemia should be taken in consideration as possible predictive factor for further studies, by comparison to the peak blood glucose concentration or persistence of hyperglycemia. 
